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(54) Differential CMOS logic family 

(57) Disclosed herein is a differential CMOS cell 
(200, 400) that achieves faster switching speeds than 
conventional CMOS logic by 1) biasing a differential pair 
of output nodes to a relatively high logic low voltage 
threshold, and 2) pulling up the differential pair of output 
nodes to a logic high voltage level. The differential 
CMOS cell is designed such that the difference between 
logic low and logic high voltage thresholds is much less 
than in traditional CMOS circuits (i.e., approximately 0.8 
V - 1 .0 V as compared to 2.6 V). A lower voltage swing 
allows for fast switching of a differential output signal. In 
a preferred embodiment, the differential CMOS cell 
(400) receives a primary differential input signal, and 
respective first and second secondary differential input 
signals. The differential CMOS cell includes a differen- 
tial pair of arm circuits (410, 420), each comprising a 
primary input switch (412, 422) for receiving a compo- 
nent of the primary differential input signal, and a differ- 
ential pair of secondary input switches (416/418, 
426/428) for receiving either the first or second second- 
ary differential input signal. Each arm circuit is coupled 
between a current source (402) and a voltage source. In 
operation, the primary differential input signal selects 
on of th first or second secondary differential input 
signals to b output as th diff rential output signal. 
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Descriptl n 

Field gf fre Invention 

5 [0001 ] The following description pertains to CMOS (complementary m tal oxid semiconductor) logic technology, and 
more particularly, to a method and apparatus for implementing a family of logic gates using a novel, high-speed, differ- 
ential CMOS cell. 

Background of the Invention 

10 

[0002] Designers and manufacturers of electronic systems continually seek methods for increasing the speed and 
efficiency of electronic circuits. One method for increasing system efficiency and speed is to integrate as much of the 
system as possible into a single CMOS integrated circuit (IC). A well-designed CMOS IC chip increases the noise 
immunity of internal signals. Such high-level integration also increases the speed and efficiency of the IC chip, because 

is signals have less distance to travel. 

[0003] In a binary logic circuit for implementing a logic function, inputs and outputs of the logic function are generally 
represented as either a high logic level (i.e., a "1 ") or a low logic level (i.e., a "0"). FIG. 1 is a graphical illustration of the 
relationship in a binary logic circuit between a high reference voltage threshold (VREFH), a low reference voltage 
threshold (VREFL). and voltage levels recognized by a logic circuit with respect to these voltages. Thus, as shown in 

20 FIG. 1 , a "1" is detected, and a signal is said to be in a valid high state, whenever the signal is equal to or above the 
high reference voltage threshold defined by VREFH. Likewise, a "0" is detected, and a signal is said to be in a valid low 
state, whenever the signal is equal to or below the low reference voltage threshold defined by VREFL However, when 
the input signal is transitioning from one state to another (i.e., when the input signal is above the low reference voltage 
threshold VREFL, but below the high reference voltage threshold VREFH), it is not recognized as valid and is said to 

25 be "floating". 

[0004] In a binary digital system, the specific voltage levels defined by VREFH and VREFL may vary depending upon 
the family of components used, the process used, and the specific application. For example, in transistor-transistor logic 
(TTL), VREFH is typically +2.0 volts and VREFL is typically +0.8 volts. Likewise, for CMOS logic components, VREFH 
is typically +3.3 volts and VREFL is typically +0.7 volts (assuming a +5.0 volt supply). For ECL logic components, 
30 VREFH is typically -1 .105 volts and VREFL is typically -1 .475 volts. 

[0005] Today, logic circuits are commonly implemented in CMOS. However, as illustrated in FIG. 1 , the voltage swing 
required to change a signal from logic "0" to logic "1" or vice versa is at least 2.6 V. 

[0006] The switching time of a logic gate can be improved by decreasing the voltage swing required of a logic com- 
ponent. For example, ECL logic components only require a voltage swing of approximately 0.37 V to change a signal 

35 from logic "0" to logic "1 " or vice versa. The switching time is much faster for ECL logic components than for CMOS logic 
components because it takes far less time to pull a voltage level on a component 0.37 V than it does to pull a voltage 
level 2.6 V. However, despite the faster switching speeds of ECL components, ECL logic is not typically used in inte- 
grated circuits due to the greater power consumption of ECL components. In other words, the cost of providing low volt- 
age swings (and hence faster switching speeds) is greater power consumption. Furthermore, CMOS and ECL logic 

40 components cannot be combined on the same IC chip because they are fabricated using different processes. 

[0007] Accordingly, it would be desirable to provide a family of fast CMOS logic gates which could be integrated into 
a CMOS logic circuit in speed critical paths. Moreover, it would be desirable to implement such a family of fast CMOS 
logic gates using a generic logic cell which could be configured in a number of ways to provide for different logic func- 
tions. The use of a generic logic cell would enable designers to easily predict delay times and circuit loads for a given 

45 logic path. 

Summary of the Invention 

[0008] The present invention provides such a generic logic cell. The high speed of the disclosed "differential CMOS 
so cell" is achieved by providing a low voltage swing between logical "on" and "off" states (i.e.. high and low valid voltage 
states) . 

[0009] A family of fast CMOS logic gates may be constructed by configuring and/or combining multiple instances of 
a single differential CMOS cell. This allows for ease in design by providing easily predictable delay times and circuit 
loads. Moreover, because the generic logic cell of the present invention is differential, the noise immunity of a logic cir- 
55 cuit implemented using such a cell is increased. 

[0010] It will be noted that the design of such a differential CMOS cell inherently presents a design trade-off. As 
switching speeds are increased, so is power consumption. Typically, the disclosed differential CMOS cells will only be 
used in speed critical logic paths, where the need for speed outweighs any desire for keeping power consumption low. 
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[0011] The differential CMOS cell disclosed in detail below receives at least a primary differential input signal com- 
prising a primary input signal and a complement primary input signal. The differential CMOS cell may also receiv a 
first secondary differential input signal comprising a first secondary input signal and a first complement secondary input 
signal, and a second secondary differential input signal comprising a second secondary input signal and a second com- 
plement secondary input signal, depending on the configuration of the circuit. 

[0012] When the differential CMOS cell has the capability of receiving only the differential primary input signal, the 
differential CMOS cell operates as a buffer circuit, wherein the differential output signal of the cell is a buffered version 
of the primary differential input signal. 

[0013] When the differential CMOS cell also has the capability of receiving the secondary differential input signals, 
the differential CMOS cell may be configured in a number of ways, and/or combined with additional differential CMOS 
cells, to provide circuits for implementing an entire family of logic functions. 

[0014] In a preferred embodiment, the differential CMOS cell includes a first primary input switch for receiving the pri- 
mary input signal. The first primary input switch is coupled between a first node to which a current source is connected, 
and a second node to which a first terminal of a first resistive load is coupled. A second primary input switch is also 
included. The second primary input switch receives the complement primary input signal, and is coupled between the 
first node, and a third node to which a first terminal of a second resistive load is coupled. Second terminals of the first 
and second resistive loads are coupled to a voltage source. The cell's differential output comprises outputs from the 
cell's second and third nodes. 

[0015] If the differential CMOS cell has the capability of receiving secondary differential input signals, it may also 
include a first secondary input switch for receiving the first secondary input signal. The first secondary input switch is 
coupled between the first primary input switch and the second node. A second secondary input switch receives the first 
complement secondary input signal, and is coupled between the first primary input switch and the third node. A third 
secondary input receives the second secondary input signal, and is coupled between the second primary input switch 
and the second node. And finally, a fourth secondary input switch receives the second complement secondary input sig- 
nal, and is coupled between the second primary input switch and the third node. In this configuration, the differential 
CMOS cell operates as a 2-input multiplexor, such that the primary differential input signal selects either the first sec- 
ondary differential input signal or the second secondary differential input signal to be output as the differential output 
signal. 

[001 6] As previously stated, the differential CMOS cell of the present invention may be configured to provide an entire 
family of logic functions. In one configuration, an n-input multiplexor is constructed using a plurality of the above 
described 2-input multiplexors. Other configurations and/or combinations of generic cells provide for AND gates, OR 
gates, XOR gates, latches, D-type flip flops, toggle flip-flops, and various other logic components. 
[001 7] The differential CMOS cell essentially achieves its fast switching speed by using a pair of load resistances to 
1) bias a differential pair of output nodes (i.e., the first and second nodes, supra) to a relatively high logic low voltage 
threshold, and 2) pull up the differential pair of output nodes to a logic high voltage level when current is not flowing 
through the load resistances. Importantly, the difference between the logic low voltage level and the logic high voltage 
level in the disclosed differential CMOS cell is much less (approximately 0.8 V to 1 .0 V) than the difference between tra- 
ditional CMOS logic low and logic high voltage levels (approximately 2.6 V). Faster switching of the differential output 
signal is therefore possible. 

[0018] These and other important advantages and objectives of the present invention will be further explained in. or 
will become apparent from, the accompanying description, drawings and claims. 

Brjgj npsrriptions of the Drawings 

[001 9] An illustrative and presently preferred embodiment of the invention is illustrated in the drawings in which: 

FIG 1 is a graphical illustration of the relationship in a binary logic system between a high reference voltage thresh- 
old, a low reference voltage threshold, and voltage levels recognized by a binary logic circuit with respect to these 
voltages; 

FIG. 2 is a schematic of a simple differential CMOS buffer circuit designed in accordance with the present invention; 

FIG. 3 is a schematic of a preferred implementation of the differential CMOS buffer circuit of FIG. 2; 

FIG. 4 is a schematic of a multiple-input differential CMOS cell designed in accordance with the present invention; 

FIG 5 is a schematic of a preferred implementation of the differential CMOS cell of FIG. 4; 

FIG. 6 is a schematic of a preferred 4-input multiplexor implemented using the differential CMOS cell of the present 

invention; 

FIG 7 is a schematic of a logical AND gat implemented using the differential CMOS cell of the present invention; 
FIG. 8 is a schematic of a logical OR gat implemented using the differential CMOS cell of the present invention; 
FIG 9 is a schematic of a logical exclusive-OR gate (i.e., XOR gate) implemented using the differential CMOS cell 
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of the present inv ntion; 

FIG. 10 is a schematic of a latch implemented using the differential CMOS cell of the present invention; 

FIG. 1 1 is a schematic of a D-type flip-flop implemented using the differential CMOS cell of the present invention; 

and 

5 FIG. 12 is a schematic of a toggle flip-flop implemented using the differential CMOS cell of the present invention. 
Description of the Preferred Embodiment 

[0020] FIG. 2 illustrates a simple differential CMOS buffer circuit 200 designed in accordance with the present inven- 
w tion. As shown in FIG. 2, the differential CMOS buffer circuit receives at least one differential input signal B, comprising 
components Bp and Bn, and outputs a differential output signal Z comprising components Zp and Zn. As used herein- 
after, the term "differential signal" refers to a signal Xp, and its complement Xn, where X is the name of the signal. In 
the preferred embodiment, the logic low level of a signal is defined at approximately 2.3 V - 2.5 V, and a logic high level 
of a signal is defined to be VDD, or approximately 3.3 V. It will be appreciated that the voltage swing between a logic 
is low and a logic high level is approximately only 0.8 V - 1 .0 V, as opposed to the typical 2.6 V swing in normal CMOS 
circuits, as described previously. An important advantage of using such a low voltage swing is increased speed. 
[0021] As shown in FIG. 2, the differential CMOS buffer circuit 200 includes a current source 202 coupled between a 
circuit ground, hereinafter indicated by the upsidedown triangular symbol at 204, and a node M0. Current sources are 
known in the art. Accordingly, the current source 202 may be implemented using any suitable configuration of a current 
20 source which supplies a constant current to node M0. 

[0022] The differential CMOS buffer circuit 200 also includes two symmetrical differential arm circuits, 210 and 220. 
The first and second differential arm circuits 210 and 220 are coupled in parallel between node M0 and a voltage source 
VDD 206. 

[0023] The first differential arm circuit 21 0 comprises a CMOS switch 21 2 (sometimes referred to herein as a "first 
25 primary input switch", or generically, as a "switchable connection") coupled between node M0, and an output node M1 
from which the complement signal Zn of the differential output signal pair Zn/Zp is output. The switch 212 is controlled 
by input signal Bp of the differential input signal pair Bp/Bn. A load resistance 214 is coupled between the voltage 
source VDD at 206 and the output node M1 . The load resistance 214 must be high enough to bias node M1 to a logic 
low level ("0") when current is flowing across switch 212. 
30 [0024] The second differential arm circuit 220 comprises a CMOS switch 222 (sometimes referred to herein as a "sec- 
ond primary input switch", or generically, as a "switchable connection") coupled between node M0, and an output node 
M2 from which the output signal Zp of the differential output signal pair Zp/Zn is output. The switch 222 is controlled by 
complement input signal Bn of the differential input signal pair Bp/Bn. A load resistance 224 is coupled between the volt- 
age source VDD at 206 and the output node M2. The load resistance 224 must be high enough to bias node M2 to a 
35 logic low level ("0") when current is flowing across switch 222. Reistances 214 and 224 must be equal (or at least sub- 
stantially so) to get differential signals. 

[0025] FIG. 3 shows a preferred implementation of the differential CMOS buffer circuit 200 of FIG. 2. As shown in FIG. 
3, the current source 202 is implemented using one or more NFETs 302 coupled in parallel between node M0 and 
ground. The NFETs receive a reference voltage. VREF, at their respective gates. Reference voltage VREF is derived 

40 from a reference voltage generator 308. In the preferred embodiment, the current source 202 supplies a constant cur- 
rent to node M0. Switch 212 is implemented with an n-type metal oxide semiconductor field effect transistor (NFET), 
and is turned on to form an electrical connection between nodes M0 and M1 if the voltage between the gate of NFET 
212 (its control input) and node M0 is above a threshold voltage, typically 0.6 V - 0.7 V In symmetry, the switch 222 in 
arm circuit 220 is also implemented with an NFET, and is turned "on" to form an electrical connection between nodes 

45 M0 and M2 if the voltage between the gate of NFET 222 and node M0 exceeds the threshold voltage. The symmetrical 
load resistances 214 and 224 in the preferred embodiment are implemented using p-type metal oxide semiconductor 
field effect transistor (PFETs) coupled between voltage source VDD and nodes M1 and M2, respectively. Their gates 
are coupled to the circuit ground. 

[0026] In operation, if the differential input signal is a logic high ("1"), input signal Bp is at a logic high voltage level 
50 (typically 3.3 V), and complement input signal Bn is at a logic low voltage level (typically 2.3 V - 2.5 V)- Accordingly, 
switch 212 in the first arm circuit 210 will turn "on", causing node M1 to be pulled down. The current supplied by current 
source 202 across the effective resistance of the NFET switch Bp determines the pull-down voltage level of M1 Accord- 
ingly, in the preferred embodiment, the current source, and size of NFET 212, are designed to provide a low voltage 
level of approximately 2.3 V - 2.5 V on node M1 . 
55 [0027] Simultaneously, complement input signal Bn is at a logic low voltage level. Accordingly, switch 222 is "off". Con- 
sequently, no current flows across switch 222, and node M2 is pulled up to a logic high voltage level (i.e., t approxi- 
mately VDD) via the load resistance 224. It will be appreciated by one skilled in the art that the differential CMOS cell 
200 is faster than conventional CMOS logic for the reason that the voltage swing on the output nodes M1 and M2 is 
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much lower (i.e., typically a 0.8 V - 1 .0 V swing as compared to the 2.6 V swing of conventional CMOS operation), and 
it therefore takes less time to switch from high to low or vice versa. 

[0028] The differential CMOS buffer circuit 100 shown in FIGS. 2 and 3 is a fast CMOS logic buffer. Typically, much 
more complex logic gates are required to implement a CMOS logic function. Accordingly, FIG. 4 illustrates a differ ntial 
5 CMOS logic cell which may be used as a basis for constructing an entire family of logic gates. The differential CMOS 
cell 400 of FIG. 4 is similar to the differential CMOS buffer circuit 200 of FIG. 2, except that each arm circuit 410 and 
420 includes an additional differential pair of input switches 416/418, 426/428 (sometimes referred to herein as "sec- 
ondary input switches", or generically, as "switchable connections"). 

[0029] Accordingly, the differential CMOS cell 400 includes a current source 402 coupled between node M0 and cir- 
10 cuit ground. Arm circuits 410 and 420 are coupled in parallel between node M0 and voltage source VDD. Again, the 
current source 402 may be implemented using any technique which will supply a constant current to node M0. 
[0030] Arm circuit 410 includes a switch 412 coupled between node M0 and a node M3, which may be turned "on" 
and "off" by the input signal Bp of the differential input signal pair Bp/Bn. A second switch 416 (sometimes referred to 
herein as a "first secondary input switch") is coupled between node M3, and a node M1 from which complement output 
15 signal Zn of the differential output signal pair Zp/Zn is output. A third switch 41 8 (sometimes referred to herein as a "sec- 
ond secondary input switch") is coupled between node M3, and a node M2 from which output signal Zp is output. Switch 
416 is controlled by one signal, A1p, of a differential input signal pair A1p/A1 n, and switch 418 is controlled by the other 
signal, A1n. A load resistance 414 is coupled between node M1 and voltage source VDD. 

[0031 ] Arm circuit 420 is symmetric to arm circuit 41 0. Arm circuit 420 includes a switch 422 coupled between node 
20 M0 and a node M4, which may be turned "on" or "off" by the complement input signal Bn of the differential input signal 
pair Bp/Bn. A second switch 426 (sometimes referred to herein as a "third secondary input switch") is coupled between 
nodes M4 and M1. A third swith 428 (sometimes referred to herein as a "fourth secondary input switch") is coupled 
between nodes M4 and M2. Switch 426 is controlled by one signal, AOp, of a differential input signal pair AOp/AOn, and 
switch 428 is controlled by the other signal, AOn. Arm circuit 420 includes a load resistance 424 coupled between node 
25 M2 and voltage source VDD. 

[0032] The load resistances 414 and 424 may be implemented using any technique which will pull respective nodes 
M1 and M2 up to a high logic voltage level, preferably VDD. 

[0033] In operation, differential input signal Bp/Bn acts as a select signal for selecting between differential input sig- 
nals A1p/A1n and AOp/AOn. 

30 [0034] Table A illustrates the select, or "multiplexor", logic function performed by the preferred embodiment of the 
present invention. 



TABLE A 



B 


Bp 


Bn 


Z 


0 


0 


1 


AO 


1 


1 


0 


A1 



40 

Accordingly, if the select signal B, comprising differential input signal Bp/Bn, indicates a logic high ("1") level, current 
flows through arm circuit 410, and the values of differential output signal A1p/A1n are output as the differential output 
signal Zp and Zn. This occurs as follows: A logic high "1 " on select signal B means that input signal Bp is at a high volt- 
age level and complement input signal Bn is at a low voltage level. A low voltage level on the complement input signal 

45 Bn turns switch 422 "off", and prevents current from flowing between nodes M0 and M4 via switch 422. Accordingly, no 
current will flow between nodes M4 and M2 through either of the respective switches 426 and 428. 
[0035] Concurrently, a high voltage level on Bp turns switch 412 "on" and allows current to flow between nodes M0 
and M3 of the switching device 412. Depending on the state of A1 , one component of differential input signal A (either 
A1p or A1n) will be at a high voltage level and the other will be at a low voltage level. If A1 is a logic high ("1"), A1p will 

so be a high voltage level and A1 n will be at a low voltage level. Accordingly, switch 41 6 will turn "on" to provide an elec- 
trical connection between nodes M1 and M0, through respective switches 416 and 412. This pulls node M1 down to a 
low voltage level. Accordingly, the complement output signal Zn will be at a low voltage level (approximately 2.3 V - 2.5 
V). At the same time, A1n will be at a low voltage level; and switch 418 will be "off". Consequently, no current will flow 
between node M2 and node M0, and node M2 will remain at a high voltage level (approximately VDD, or 3.3 V) due to 

55 the load resistance 424. Conversely, if A1 is at a logic low ("0"), A1p will be at a low voltage level, and A1 n will be at a 
high voltage level. Accordingly, switch 418 will turn "on" to provide an electrical connection between nodes M2 and M0 
through respective switches 418 and 412, and to pull node M2 down to the low voltag level. Accordingly/ the output 
signal Zp will be at a low voltage level (approximately 2.3 V - 2.5 V). At the same time, A1 p will be at a low voltage level, 
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and switch 416 will be "off". Consequently, no current will flow between node M1 and node MO, and node M1 will remain 
at a high voltage level (approximately VDD, or 3.3 V) du to the load resistance 414. Accordingly, when the select input 
signal B is a logical high ("1 "), the differential output signal Zp/Zn reflects the stat of the selected differential input sig- 
nal A1p/A1n. 

5 [0036] The differential CMOS cell 400 operates in a similar fashion when select signal B is at a logic low ("0") level. 
In this case, however, switch 412 is "off" (because select signal Bp is at a logic low voltage level) and switch 422 is "on" 
(because select signal Bn is at a logic high voltage level). Thus, the differential output signal Zp/Zn instead reflects the 
state of differential input signal AOp/AOn rather than the state of differential input signal A1p/A1n. 
[0037] FIG. 5 is a schematic of a preferred implementation 500 of the differential CMOS cell 400 of FIG. 4. As shown 

10 in FIG. 5, the differential CMOS cell 500 includes a pair of level shifters 540 and 550 which respectively receive differ- 
ential select input signals Bp and Bn. The level shifters 540 and 550 operate to step down the voltage of the inputs to 
respective switches 412 and 422. In the implementation shown in FIG. 5, this is necessary because Bp and Bn are input 
from another like cell. Accordingly, since in the preferred embodiment, a low voltage level is defined to be approximately 
0.8 V - 1 .0 V lower than VDD (which is typically 3.3 V), the low voltage level will be approximately 2.3 V - 2.5 V. Thus, a 

is low voltage level received directly by either of respective switches 412 or 422 is not low enough to turn the respective 
switches completely off. The level shifters 540, 550 step the received low voltage level down by approximately 0.6 V - 
0.7 V (i.e., the threshold voltage of NFETs 542 and 552). Parallel NFETS 502 of current source 302 are designed to 
bias node M0 to 1 .2 V - 1 .4 V. Accordingly, if Bp is stepped down from 2.5 V by 0.7 V, the voltage on the gate of NFET 
switch 41 2 or 422 will be approximately 1.8 V. Since node M0 is biased to 1 .2 V - 1 .4 V, the threshold voltage of respec- 

20 tive NFET switches 412, 422 are not quite reached, and thus respective switches 412 or 422 will be completely off. 
[0038] The differential.CMOS cell 400 also includes a reference voltage generator 560. In the preferred embodiment, 
the reference voltage generator 560 generates a reference voltage of approximately 1.05 V to 1.09 V, which is suffi- 
ciently above the threshold voltage (0.6 V) of the current source's parallel NFETs 502 to provide a constant current of 
approximately 0.65 mA to 1 .05 mA to node M0. 

25 [0039] Table B illustrates exemplary switching speeds (or propagation delays) achieved between input A (i.e., AO or 
A1) and output Z, and between input B and output Z. 



TABLE B 



30 


VDD (in V) 


VEE (in mV) 


l_Bp (lo/hi) (in V) 


Z Swing (in mV) 


Switching Speed A - 
> Z (m psec) 


Switching Speed B -> 
Z (in psec) 




3.30 


766.8 


1.343/2.039 


780.1 


96 58 


167.1 



35 [0040] As shown in Table B, switching speeds at least as fast as approximate^ 80 psec can be achieved with the 
present invention, as compared to approximately 500 psec using conventional CMOS logic gates. 
[0041] The differential CMOS cells 200, 400 of the present invention may be utiiized to implement an entire family of 
logic functions. As described with respect to FIGS. 4 and 5, the differential CMOS ce<* may be employed as a 2-input 
multiplexor. The principles of the 2-input multiplexor circuit may be extended to txi ki a 4 - input multiplexor. FIG. 6 shows 

40 a preferred embodiment of a 4-input multiplexor 600. As shown in FIG 6 the < >v-> multiplexor 600 may be imple- 
mented with two differential CMOS cells 602 and 604 whose outputs feed into ai-iu *erential CMOS cell 606. Each 
of the two differential CMOS cells 402 and 404 respectively receive two d*e-#"- .i^ential input signals AOp/AOn, 
A1p/A1n, and A2p/A2n, A3p/A3n. Each of the differential CMOS cells may be >-\ ^-^ed as shown in FIGS. 4 or 5. 
A first differential select input signal BOp/BOn is used as the select input i>t-« *■ multiplexor 602 and 604. 

45 Accordingly, when the first differential select input signal BOp/BOn is logtcan y io* 
as its output differential signal QOp/QOn, and multiplexor 604 outputs A2p/AT- * • 
Conversely, when the first differential select input signal BOp/BOn is logical! y 
as its differential output signal QOp/QOn, and multiplexor 604 outputs A3p/A3- a • 
[0042] Each of the differential output signals QOp/QOn and Q1p/Qm ouw r . 

so used as inputs to the third 2-input multiplexor 606. A second differential select .-v..' ■. 
input signal for the third multiplexor 606. The second differential select input sg-w > 
ential signal QOp/QOn is output as the differential output signal Zp/Zn, or whef*- 1 signal Q1 p/Q1 n is output 

as the differential output signal Zp/Zn. If B1p/B1n is logically low ("0"), muitipie«o o^uts QOp/QOn as differential 
output signal Zp/Zn. If B1p/B1n is logically high ("1"), multiplexor 606 outputs Oi& ~in as differential output signal 

55 Zp/Zn. The operation of the 4-input multiplexor is illustrated by the truth table in tab^E C 



plexor 602 outputs AOp/AOn 
! *v- ential output signal Q1p/Q1n. 

- \.» o'exor 602 outputs A1 p/A1 n 
! ert.ai output signal Q1p/Ql n. 

eiors 602 and 604 are then 
j*m f-'p-B mis used as the select 
• ; t- *- determines whethelr differ- 
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TABLE C 



5 



10 



BO 


B1 


Q0 


Q1 


Z 


0 


0 


AO 


A2 


AO 


0 


1 


AO 


A2 


A2 


1 


0 


A1 


A3 


A1 


1 


1 


A1 


A3 


A3 



It will be appreciated by one skilled in the art that the principles used in building 2-input and 4-input multiplexors may 
be extended to build n-input multiplexors, where n is any whole number greater than 2. 
is [0043] FIG. 7 illustrates a logical AND gate 700 embodying principles of the present invention. The AND gate 700 is 
implemented using the differential CMOS cell 400 of FIGS. 4 or 5. As shown in FIG. 7, the AOp input of the FIG. 4 mul- 
tiplexor is tied to a low voltage (logic "0"), and the AOn input is tied to a high voltage (logic "1 "). In this manner, differential 
output Z will only be asserted if both the A1 and B inputs of the differential CMOS logic cell 702 are asserted. Table D 
summarizes the operation of AND gate 700. 

20 



TABLE D 



25 



A1 


B 


z 


0 


0 


0 


0 


1 


0 


1 


0 


0 


1 


1 


1 



30 

[0044] FIG. 8 illustrates a logical OR gate 800 constructed similarly to the above described logical AND gate 700. The 
OR gate 800 is again implemented using the differential CMOS cell 400 of FIGS. 4 or 5. As shown in FIG. 8, the A1p 
input of the FIG. 4 multiplexor is tied to a high voltage (logic "1"), and the A1 n input is tied to a low voltage (logic "0"). In 
35 this manner, differential output Z will be asserted if either or both of the A1 and/or B inputs to the differential CMOS logic 
cell 802 is asserted. Table E summarizes the operation of OR gate 800. 



TABLE E 
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[0045] FIG. 9 illustrates an exclusive-OR or "XOR" gate 900 which is implemented using the differential CMOS cell 
so 400 of FIGS. 4 or 5. As shown in FIG. 9. an input signal A, comprising differential components Ap/An is cross-coupled 
to differential inputs AOp/AOn and A1p/A1 n. Accordingly, signal Ap is tied to both the AOp and A1 n inputs. Likewise, sig- 
nal An is tied to the AOn and A1p inputs. According to the cross-coupled connections of the differential input signal 
Ap/An with the differential inputs AOp/AOn and A1p/A1 n, the differential inputs AOp/AOn and A1 p/A1 n are guaranteed to 
be inverse polarities of each other. The differential input signal Ap/An therefore acts as one input to an XOR cell 902, 
55 and the differential select input signal Bp/Bn acts as the other input to the XOR cell 902. Thus, if the select input signal 
B is I gically low ("0"), AO will be output as Z, which will only b logically high if AO is logically high ("I"). Likewise, if 
select input signal B is logically high p H ). A1 will be output as Z. Since A1 is invers ly coupled to A, A1 reflects the 
complement of A. Thus if A1 is high ("1 "). A is low ("0"). Since when B is high, Z will only be logically high ("1 ") if A1 is 
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logically high, this means that 2 will only be high when A is low. Accordingly, the output of the differential CMOS logic 
cell 802 will only be logically high ("1") if ither but not both of the input signal A, and the select input signal B, are log- 
ically high ("1"). Table F illustrates the functi nality of the logical XOR gat of FIG. 9. 



TABLE F 
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[0046] FIG. 1 0 illustrates a latch 1000 embodying principles of the present invention. The latch 1 000 is implemented 
using the differential CMOS cell 400 of FIGS. 4 or 5. As shown in FIG. 10, the AOp input of the FIG. 10 multiplexor is 
tied to the Zp output. Likewise, the AOn input is tied to the Zn output A differential logic signal A is provided to the 
A1p,A1 n inputs, and a differential clock signal, CLK, comprising components CLKp and CLKn is provided to the mutli- 

20 plexor's select input. In this manner, the differential CMOS cell 1 002 serves to latch signal A. 

[0047] FIG. 1 1 is a schematic block diagram of a D-type flip-flop 1 100 which is implemented using two differential 
CMOS cells 1 102 and 1 104. As shown in FIG. 1 1, the D-type flip-flop 1 100 comprises a first-stage differential CMOS 
cell 1 102. The inverse of a differential clock signal, CLK (comprising components CLKn and CLKp), is input to differen- 
tial CMOS cell 1 1 02 as a select signal. An input signal D, comprising a differential input signal pair Dp, Dn, is input to the 

25 D-type flip-flop 1 1 00 as the differential input signal A1 p/A1 n of first-stage CMOS cell 1 1 02. An intermediate output sig- 
nal Q, comprising a differentia! output signal Qp/Qn, is output on the Z outputs Zp,Zn of the CMOS cell 1 102. The D- 
type flip-flop of FIG. 1 1 also includes a second-stage differential CMOS cell 1 1 04. A differential clock signal, CLK (com- 
prising components CLKp and CLKn), is input to differential CMOS cell 1 104 as its select signal. Intermediate output 
signal G, comprising the intermediate differential output signal pair Qn.Qp, is input to the CMOS cell 1 104 as the differ- 

30 errtial input signal A1p.A1 n. An output signal Z, comprising a differential output signal Zp/Zn, is output on the Z outputs 
Zp/Zn of the CMOS cell 1 1 04. 

[0048] In operation, when clock signal CLK is low, the first stage differential CMOS cell 1 102 selects the input signal 
D receive as input A1 to be output as Q. Concurrently, the second stage differential CMOS cell 1 104 selects the output 
signal Z, which is received as input AO, to be output as Z. In other words, second stage CMOS cell 904 holds the current 

35 output as long as CLK is low. When the clock signal CLK goes high, the first stage differential CMOS cell 1 102 selects 
the intermediate output signal Q, which is received as input AO, to be output as Q (i.e.. CMOS cell 1 102 holds the cur- 
rent value of Q as its output). Since the value of Q at the moment the clock signal CLK goes high is the value of input 
D at this moment, the differential CMOS cell 1 102 essentially latches the value of D and holds it as the intermediate 
output signal Q as long as CLK remains high. Concurrently, with clock signal CLK high, the second stage differential 

40 CMOS cell 1 1 04 selects the intermediate output signal Q, which is received as input A1 , to be output as the output sig- 
nal Z. In summary, while clock signal CLK is low, the data D is read into the first stage cell 1 102, while the second stage 
CMOS cell 1 104 is holding the previous latched value of D as output Z. On the rising edge of the clock signal CLK, data 
D is latched and held as Q. On the next falling edge of the clock signal CLK, Q is latched by second stage CMOS cell 
1 104 and held as output signal Z. Accordingly, the output Z of the D-type flip-flop always holds the D-input of the previ- 

45 ous clock phase. 

[0049] FIG. 12 is a schematic block diagram of a "toggle" or T flip-flop. The logic function of a T flip-flop is given in 
TABLE G (where ~Q is the inverse of Q). 



50 
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TABLE G 
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Q+ 
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~Q 



[0050] As illustrated in Table G, the output of a T flip-flop changes state wh n toggled by a pulse. As shown in FIG. 
12, the T flip-flop 1200 is implemented with an XOR gate 1202 implemented as shown in FIG. 9, which feeds into a D- 
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type flip-flop 1204 which is implemented as shown in FIG. 11. 

[0051 ] The various types of logic gates and logic functions implemented in FIGS. 2-1 2 are presented to illustrat the 
wide variety of different logic functions that can be implemented using the differential CMOS cell of the present inven- 
tion. It will be appreciated by one skilled in the art that many other logic functions can be implemented by utilizing the 

5 differential CMOS cell of the pr sent invention in various other configurations. Furthermore, the polarity of the connec- 
tions of one or more of the various input and output signals of the basic differential CMOS cell of the present invention 
may be reversed in order to implement a wide variety of other logic functions. Finally, the implementations of each of 
the logic gates of FIGS. 2-12 may be alternatively implemented, using complementary logic (i.e., PFETs substituted for 
NFETs and vice versa), or any other known or hereinafter known equivalent implementations for any of the circuit com- 

10 ponents. Accordingly, the logic gates and functions presented herein are meant by way of example and not limitation. 
[0052] While illustrative and presently preferred embodiments of the invention have been described in detail herein, 
it is to be understood that the inventive concepts may be otherwise variously embodied and employed, and that the 
appended claims are intended to be construed to include such variations, except as limited by the prior art. 

is Claims 

1 . A differential CMOS cell (200) comprising: 

first (210) and second (220) arm circuits connected in parallel between a current source (202) and a voltage 
20 source; 

wherein the first arm circuit comprises a first primary input switch (21 2), a first output node, and a first resistive 
load (214), the first primary input switch being coupled between the current source and the first output node, 
and the first resistive load being coupled between the first output node and the voltage source; 
wherein the second arm circuit comprises a second primary input switch (222), a second output node, and a 
25 second resistive load (224), the second primary input switch being coupled between the current source and the 

second output node, and the second resistive load being coupled between the second output node and the 
voltage source; and 

whereby complementary components of a differential output signal are respectively produced at the first and 
second output nodes when complementary components of a primary differential input signal are respectively 
30 received at control inputs of the first and second primary input switches. 

2. A differential CMOS cell (400) as in claim 1 , wherein: 

the first arm circuit (410) further comprises first (416) and second (418) secondary input switches for respec- 
35 tively receiving complementary components of a first secondary differential input signal, the first secondary 

input switch being coupled between the first primary input switch (412) and the first output node, and the sec- 
ond secondary input switch being coupled between the first primary input switch and the second output node; 
and 

the second arm circuit (4200 further comprises third (426) and fourth (428) secondary input switches for 
40 respectively receiving complementary components of a second secondary differential input signal, the third 

secondary input switch being coupled between the second primary input switch (422) and the first output node, 
and the fourth secondary input switch being coupled between the second primary input switch and the second 
output node; 

whereby complementary components of a differential output signal are respectively produced at the first and 
45 second output nodes when: 

complementary components of a primary differential input signal are respectively received by the first and 
second primary input switches; 

complementary components of a first secondary differential input signal are respectively received by the 
so first and second secondary input switches; and 

complementary components of a second secondary differential input signal are respectively received by 
the third and fourth secondary switches. 

3. A CMOS circuit comprising: 

55 

one or more differential CMOS cells (400), each differential CMOS cell comprising: 

first (410) and second (420) arm circuits connected in parallel between a current source (402) and a volt- 
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age source; 

wherein the first arm circuit comprises a first primary input switch (41 2), a first output node, a first resistive 
load (414), and first (416) and second (418) secondary input switches, the first primary input switch being 
coupled to the current source, the first resistive load being coupled between the first output node and the 
voltage source, the first secondary input switch being coupled between the first primary input switch and 
the first output node, and the second secondary input switch being coupled between the first primary input 
switch and a second output node; and 

wherein the second arm circuit comprises a second primary input switch (422), the second output node, a 
second resistive load (424), and third (426) and fourth (428) secondary input switches, the second primary 
input switch being coupled to the current source, the second resistive load being coupled between the sec- 
ond output node and the voltage source, the third secondary input switch being coupled between the sec- 
ond primary input switch and the first output node, and the fourth secondary input switch being coupled 
between the second primary input switch and the second output node; 

whereby complementary components of a differential output signal are respectively produced at the first 
and second output nodes when: 

complementary components of a primary differential input signal are respectively received at control 
inputs of the first and second primary input switches; 

complementary components of a first secondary differential input signal are respectively received at 
control inputs of the first and second secondary input switches; and 

complementary components of a second secondary differential input signal are respectively received 
at control inputs of the third and fourth secondary input switches. 

A CMOS circuit as in claim 3, wherein a first differential CMOS cell (702) is configured such that: 

a control input of its first secondary input switch is tied to a logic low; and 
a control input of its second secondary input switch is tied to a logic high; 

whereby when complementary components of a first differential logic signal are respectively received at control 
inputs of its third and fourth secondary input switches, and complementary components of a second differential 
logic signal are respectively received at control inputs of its first and second primary input switches, the differ- 
ential output signal produced by the first differential CMOS cell represents a logical AND of the first and second 
differential logic signals. 

A CMOS circuit as in claim 3, wherein a first differential CMOS cell (802) is configured such that: 

a control input of its third secondary input switch is tied to a logic high; and 
a control input of its fourth secondary input switch is tied to a logic low; 

whereby when complementary components of a first differential logic signal are respectively received at control 
inputs of its first and second secondary input switches, and complementary components of a second differen- 
tial logic signal are respectively received at control inputs of its first and second primary input switches, the dif- 
ferential output signal produced by the first differential CMOS ceil represents a logical OR of the first and 
second differential logic signals. 

A CMOS circuit as in claim 3, wherein a first differential CMOS cell (902) is configured such that: 

control inputs of its first and fourth secondary input switches are connected to one another to form input Ap; 
and 

control inputs of its second and third secondary input switches are connected to one another to form input An; 
whereby when complementary components of a first differential logic signal are respectively received at inputs 
Ap and An, and complementary components of a second differential logic signal are respectively received at 
control inputs of its first and second primary input switches, the differential output signal produced by the first 
differential CMOS cell represents an exclusive-OR of the first and second differential logic signals. 

A CMOS circuit as in claim 3, wherein a first differential CMOS cell (1002) is configured such that: 

a c ntrol input of its first secondary input switch is connected to its first output node; and 

a control input of its second secondary input switch is connected to its second output node; 

whereby when complementary components of a differential logic signal are respectively received at control 
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inputs of its third and fourth secondary input switches, and complementary components of a differential clock 
signal are respectively rec ived at control inputs of its first and s cond primary input switches, the first differ- 
ential CMOS cell latches the differential logic signal. 

5 8. A method of improving switching speed in a CMOS logic circuit, comprising the steps of: 
pulling up first and second output nodes to a logic high voltage level; 

biasing the first and second output nodes of the CMOS logic circuit to a relatively high logic low voltage thresh- 
old; and 

to alternately driving current to the first and second output nodes, in response to components of a differential 

input signal received by the CMOS logic circuit; 

whereby when current is driven to either of the first or second output nodes, a low voltage swing between logic 
low and logic high voltage thresholds at the first and second output nodes allows a valid differential output sig- 
nal to be quickly generated at said first and second output nodes. 

15 

9. A method as in claim 8, wherein the step of biasing the first and second output nodes of the CMOS logic circuit to 
a relatively high logic low voltage threshold comprises respectively coupling the first and second output nodes to a 
voltage source via first (214) and second (224) load resistances. 

20 1 0. A method as in claim 9, wherein the step of alternately driving current to said first and second output nodes of the 
CMOS logic circuit comprises alternately closing first (212) and second (222) switchable connections between the 
first and second output nodes and a current source (202), in response to components of a differential input signal 
received by the switchable connections. 
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